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Indeed, the urban road system is vital to inhabitants’ lives and work. Thus, whether the road 
performance is excellent is one of the criteria for the evaluation of a city. In this project, the FWD 
equipment is utilized to detect the flooded roads as well as analyze the changes in the structural 
performance of road after the flooding. Furthermore, the moisture content of the sampling test is 
carried out on the detected road. The impacts of the flood on the structural strength of the overall road 
and those of different layers on the road can be more clearly understood through the analysis on the 
data of the two types of tests. Meanwhile, the positive impact of maintenance on road strength is also 
demonstrated more clearly. These conclusions play an essential role in optimizing the maintenance 
method for the roads suffering from flood.  
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into	 three	 aspects,	 namely,	 weather	 condition,	 ground	 condition	 and	 traffic	 load.	 Among	
them,	 weather	 condition	 is	 the	most	 important	 factor.	 Since	 the	 designed	 life	 of	 roads	 is	
usually	between	20	and	100	years,	and	it	is	difficult	to	predict	to	such	long	span	of	weather	
condition	under	normal	 circumstances.	 In	particular,	 the	 current	extreme	weather,	 such	as	




to	 the	 recent	extreme	weather	 (Byron	Shire	Council,	2017).	Secondly,	ground	condition,	as	
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the	basic	conditions	for	road	performance,	relates	to	the	stability	and	safety	of	the	subgrade.	




The	 high-quality	 inspection	 and	 maintenance	 of	 the	 Brisbane	 road	 system	 is	 one	 of	 the	
Brisbane	 City	 Council’s	 responsibilities.	 The	 Brisbane	 City	 Council	 regularly	 inspects	 and	
maintains	 the	urban	 roads	 to	determine	whether	 the	 structure	and	strength	can	meet	 the	
related	requirements	and	needs.	The	data	which	have	been	collected	for	many	years	play	a	
guiding	role	in	studying	road	performance.	This	project	can	apply	the	data	in	further	research	









The	aim	of	 this	project	 is	 to	analyze	the	FWD	test	data	 for	 flooded	sections.	The	FWD	test	
was	carried	out	after	flooding	and	repairing.	The	test	data	was	provided	by	the	Brisbane	City	




The	 purpose	 of	 this	 project	 is	 to	 obtain	 a	 rational	 and	 scientific	 assessment	 of	 pavement	
performance.	Such	an	accurate	and	objective	assessment	is	very	important	because	it	is	not	
only	a	reference	to	road	maintenance	but	also	is	the	key	to	road	maintenance	work.	In	the	











Over	 the	 past	 few	 decades,	many	 countries	 have	 come	 to	 realize	 the	 importance	 of	 road	
performance	 analysis.	 However,	 the	 American	 Association	 of	 State	 Highway	 and	
Transportation	Officials	 (AASHTO)	was	 the	 first	 one	 that	 proposed	 pavement	 performance	
concept	in	1962.	They	conducted	a	well-known	AASHTO	test	on	road	from	1956	to	1960	to	
study	 the	 impact	 of	 real	 load	 on	 road	 surface	 performance.	 Besides,	 they	 put	 forward	
AASHTO	pavement	design	guide	according	to	the	test	results.	It	is	by	far	the	largest	and	most	
successful	 controlled	 trial	 of	 civil	 engineering,	 and	 its	 research	 results	 are	 still	 extensively	
used	all	over	 the	world	 (Transportation	Research	Board,	2007).	The	test	of	AASHTO	can	be	






the	 results.	 The	 report	 pointed	 out	 that	 the	 government	 and	 the	 public	 began	 to	 pay	
attention	 to	 the	 issues	 of	 road	 regeneration	 and	 resurfacing,	 and	 there	 was	 increasing	











performing	 fast	 loading	experiments	on	pavements	 (Li,Y.Q.,	&	Meng,	S.T.,	1992).	Obviously,	




In	 the	 early	 traffic	 conditions,	 people's	 requirements	 on	 the	 road	 are	 limited	 to	 no	major	
damage	 caused	 by	 traffic	 disruption,	 so	 the	 road	 design	 is	 only	 from	 the	 structural	





normal	 operation	of	 passenger	 and	 freight	 vehicles	 should	 have	 the	 ability	 and	 attributes.	
The	 function	 of	 high-grade	 highway	 pavement	 under	modern	 traffic	 conditions	 should	 be	




The	 road	structure	 is	mainly	discussed	 in	 this	project.	Structural	performance	 refers	 to	 the	
overall	 bearing	 capacity	 of	 pavement,	 as	 an	 engineering	 structure.	 The	 general	 concern	
about	the	structural	performance	includes	the	strength,	stability	and	durability	of	pavement.	




City	 Council.	 The	 data	 were	 immediately	 tested	 after	 the	 sweep	 of	 Queensland	 floods	 in	
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2010-2011.	The	Brisbane	City	Council	conducts	 regular	 inspections	of	 the	same	sections	of	
the	road	in	the	following	years	to	collect	data.	 	
	






the	Brisbane	River.	 In	 addition,	 the	 rainfall	 of	 Brisbane	 in	most	parts	was	600~1000mm	 in	
December	2010	and	January	2011	(Bureau	of	Meteorology,	2011).	Brisbane	River	Basin	River	
flooding	was	under	the	 influence	of	 the	 intense	rainfall.	Figure	1	clearly	shows	the	 level	of	
the	flood	and	its	impact	on	Brisbane	City.	It	can	be	found	that	the	flood	reached	its	highest	
value	on	13	January	2011.	Masuda,	S.	Gary,	C.	Sanaul,	C	&	Tim,	M	(2016)	mentioned	that	the	





road	 respectively	 after	 the	 flood	 and	 after	 the	 road	 repair	 so	 as	 to	 have	 a	 clearer	

















This	 project	 chooses	 the	 FWD	 (Falling	 Weight	 Deflectometer)	 test	 data	 to	 analyze	 the	
structural	performance	changes	of	the	road.	It,	as	a	test	equipment	is	used	to	evaluate	the	
physical	 properties	 of	 the	 pavement.	 FWD	 is	 usually	 composed	 of	 trailers	 (including	 test	
equipment)	and	control	systems	(including	data	collection).	Relatively	to	other	pavement	test	
equipment,	 it	has	very	noticeable	advantages	as	 it	can	effectively	stimulate	the	traffic	 load	
and	 obtain	 the	 high-precision	 of	 data.	 Besides,	 FWD	 is	 easy	 to	 use	 and	 conduct	 fast	 test	



























to	 scientifically	 evaluate	 the	 carrying	 capacity	 of	 the	 pavement.	 Figure	 5	 indicates	 the	







the	 computer.	 The	 computer	 system	processes	 these	 signals	 and	 then	directly	outputs	 the	
deflection	values	at	each	sensor.	The	deflection	is	usually	numbered	from	 0D 	 according	to	
the	distance	from	the	center.	Figure	6	indicates	the	specific	location	of	the	deflection	of	the	
FWD	detection.	Clearly,	the	deflection	at	the	center	indicates	the	overall	performance	of	the	
pavement.	 Similarly,	 the	 difference	 between	 the	 deflections	 at	 different	 locations	 can	
represent	the	performances	of	the	pavement	layers,	such	as	bounds,	unbound,	and	subgrade.	
Through	 these	 deflection	 values,	 the	 deflection	 bowl	 curve	 can	 be	 drawn	 to	 show	 the	












The	detection	of	different	pavement	structures	 requires	 the	sensor	 to	be	set	 in	a	different	
location	while	FWD	is	used.	For	 instance,	 if	a	roadbed	or	 flexible	base	asphalt	pavement	 is	
detected,	 the	 sensor	 will	 be	 distributed	 within	 2.5m	 from	 the	 load	 center.	 Hence,	 FWD	





FWD	 test	 report	 can	 provide	 a	 lot	 of	 useful	 basic	 data,	 which	 can	 reflect	 the	 structural	
characteristics	of	the	road	to	a	certain	extent.	Some	of	the	data	are	directly	reflected	in	the	
report,	and	they	can	indicate	the	overall	structural	strength	and	characteristics	of	the	road.	
These	data	which	 are	 directly	 given	 include	 the	deflection	 value	 at	 each	 sensor,	 curvature	
and	ratio	and	subgrade	response.	
	
In	 addition,	 the	 key	 to	 FWD	 test	 data	 is	 the	 analysis	 of	 the	 deflection	 bowl.	 The	 curve	 of	
deflection	bowl	is	the	curve	that	connects	the	deflection	values	measured	by	the	sensors	at	
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different	 locations	 of	 FWD.	 The	 curve	 of	 deflection	 bowl	 contains	 a	 wealth	 of	 pavement	





Parameter	 Formula	 	 Structural	indicator	
1	.Maximum	deflection	 	













Where	 L=127mm	 in	 the	












600300 DDMLI -= 	
Gives	an	indication	of	




900600 DDLLI -= 	
Gives	an	indication	of	
the	 	 lower	 	 structural	
layers	like	the	selected	
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9.	Slope	of	Deflection	 	 600/)(tan 6000














Maximum	 deflection	 refers	 to	 the	 deflection	 value	 from	 the	 nearest	 position	 of	 the	 load	
center.	Horak	et	al	 (1989)	argues	that	the	maximum	deflection	value	reflects	about	70%	of	
the	strength	of	the	entire	structure	layer	of	the	road.	The	study	of	chai	also	shows	that	the	







class	 index	reflects	 the	variation	 law	of	 the	deflection	value	 in	the	case	of	equal	growth	of	
distance.	As	 the	 flood	changes	 the	material	properties	of	 the	road,	 the	support	 force	 from	
the	 subgrade	 becomes	 less.	 The	 result	 of	 such	 change	 can	 be	 obtained	 by	 comparing	 the	
ratio	and	 the	 curvature	 (BCC,	2011).	 Therefore,	whether	 the	 structural	 layer	of	 the	 road	 is	
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layer	 provides	 support	 to	 the	 bonding	 layer,	 the	 performance	 of	 the	 bond	 layer	 will	 be	
affected	 if	 the	 support	 from	 the	 unbounded	 layer	 reduces.	 Hence,	 the	 curvature	 and	 the	
ratio	 are	 classified	 in	 the	 overall	 strength	 of	 the	 road	 in	 this	 project.	 The	 values	 of	 the	











Brisbane	City	Council	 used	>26	 to	 represent	 the	 value	which	was	 greater	 than	26%	of	 the	
subgrade	response	in	the	2014	and	2016	data	report	.	In	other	report,	they	used	>	25.	
	
In	most	 experiments,	 it	 is	 common	 to	 use	 a	 California	 bearing	 ratio	 (CBR)	 to	 evaluate	 the	
mechanical	 strength	 of	 the	 ground.	 Its	 calculation	 principle	 is	 basically	 the	 same	 as	 that	















The	 structural	 condition	 of	 different	 layers	 on	 the	 road	 can	 be	 obtained	 through	 the	
back-calculation	of	the	parameters	of	the	deflection	bowl.	 In	this	report,	RoC,	BLI,	MLI	and	
LLI	 are	 calculated	 separately	 to	 evaluate	 different	 road	 structure	 layers.	 According	 to	 the	
working	principle	of	FWD,	it	can	be	known	that	the	sensors	at	different	positions	represent	
the	deflection	values	of	different	depths	 in	the	road.	By	calculating	the	difference	between	









































LLI	 value	 reflects	 the	 structural	 condition	 of	 the	 subgrade.	 Emile,H	 &	 Stephen,	 E	 (2006)	
















	 0D 	 (mm)	 Roc	(m)	 BLI	(mm)	 MLI	(mm)	 LLI	(mm)	
Sound	 <0.4	 >120	 <0.15	 <0.1	 <0.06	
Warning	 0.4-0.75	 40-120	 0.15-0.5	 0.1-0.2	 0.06-0.1	






moisture	content	 is	one	of	 the	main	causes	 for	 the	changes	of	 the	road	strength.	Thereby,	
this	 report	 studies	 the	 variations	 in	 the	moisture	 content	 as	well	 as	 its	 relationship	 to	 the	
road	strength	through	analysis	of	the	FWD	data.	
	
In	 the	 previous	 studies,	 scholars	 have	 found	 that	 there	 exists	 some	 mathematical	
relationship	between	the	FWD	deflection	bowl	and	the	moisture	content	of	road.	Chai	and	
Kelly	 (2008)	 found	 that	 the	 data	 of	 FWD	 deflection	 can	 be	 established	 as	 a	mathematical	
model	with	the	usage	of	an	exponential	curve.	The	FWD	data	in	their	paper	were	collected	











made.	 According	 to	 Chai	 and	 Kelly	 (2008),	 the	 structural	 parameters 1K and 2K are	 derived	
from	 the	 simplified	 deflection	 model	 which	 has	 a	 good	 reflection	 for	 the	 structural	
performance	of	the	road	and	can	be	utilized	for	forecasting	and	evaluation.	
	
Chai	 made	 a	 further	 study	 on	 the	 basis	 of	 the	 previous,	 founding	 that	 the	 structural	
parameters	 called	 k2,900	 in	 the	model	 were	 related	 to	 the	moisture	 content	 of	 the	 road	
(Chai	et	al,	2016).	k2,900	refers	to	the	structural	parameter	k	for	the	FWD	deflection	located	
at	the	sensor 900D .The	formula	is	as	below:	
900Y 	 in	the	formula	is	the	FWD	deflection	at	sensor	position 900D .	The	reason	to	choose	the	















This	 report	examines	the	changes	 in	 the	moisture	content	of	 the	roads	on	the	basis	of	 the	





This	project	 analyzes	 the	basic	data	of	 FWD	 in	 four	different	periods.	 To	be	more	 specific,	
these	data	belong	 to	Aldersgate	Street-Oxley,	Brisbane	City	and	were	detected	on	13	April	
2011,	 1	April	 2013,	 8	December	 2014	 and	22	March	2016,	 respectively.	Among	 them,	 the	






















As	 mentioned	 before,	 the	 road	 can	 be	 divided	 into	 two	 parts	 according	 to	 whether	 it	 is	
affected	by	the	flood.	Thereby,	it	becomes	possible	to	compare	the	effects	of	floods	on	roads	
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more	clearly	as	 the	variables	between	 the	experimental	and	control	groups	are	 fewer.	The	
chainage	refers	to	a	distance	mark	in	the	measurement	for	convenience	recording.	According	
to	 site	 immersion	 situation,	marked	 by	 chainage,	 the	 road	 can	 be	 divided	 flood	 area	 and	
non-flood	area.	The	specific	boundary	is	shown	as	below:	
	
Section	1:	 	 	 	 	 Non-Flooded	 	 	 	 	 	 	 	 	 	 	 (Chainage	0	-	Chainage	105)	

















By	 comparing	 these	 data	 from	 Appendix	 A-D	 horizontally,	 it	 can	 clearly	 see	 the	 max	
deflection	 and	 curvature	of	 the	 section	 affected	by	 the	 flood	 significantly	 increased,	while	
the	ratio	reduced.	Such	results	show	that	the	flood	really	has	a	great	impact	on	the	overall	
strength	of	the	road.	According	to	the	evaluation	criteria	in	Table	2,	the	max	deflection	value	
of	 the	non-flooded	 section	 is	 slightly	 higher	 than	 that	 under	 the	 sound	 condition,	 but	 the	











In	 order	 to	 compare	 the	 data	 before	 and	 after	 the	maintenance	more	 clearly,	 figures	 are	









In	 terms	 of	 curvature,	 the	 data	 in	 Appendix	 F	 show	 that	 the	 first	 test	 value	 detected	
immediately	 after	 the	 flood	has	been	 the	highest.	 The	 value	decreased	 significantly	 in	 the	














of	 the	 non-flood	 zone,	meaning	 that	 the	 overall	 strength	 of	 the	 road	 decreases	 after	 the	
flood.	 In	 addition,	 the	 comparison	 between	 the	 data	 before	 and	 after	 the	 maintenance	




values	 of	 the	 flood	 zone	 and	 the	 non-flood	 zone	 is	 greater	 in	 the	 first	 test	 after	 the	
occurrence	of	the	flood.	After	the	subsequent	tests,	especially	after	the	maintenance	of	the	
test,	 the	 gap	 between	 the	 two	 zones	 is	 significantly	 reduced.	 The	 results	 of	 the	 last	 test	




Such	change	means	that	maintenance	 is	meaningful	 for	 the	unbound	 layers.	That	 is	 to	say,	
after	the	repair,	the	strength	of	the	unbound	layer	is	restored	to	a	certain	extent.	
	
























2016	during	 the	 calculation,	 it	was	not	 considered	 in	 this	 chart.	 The	project	 compares	 the	
RoC	values	at	Ch.0-Ch.322.	According	 to	 the	 critical	 value	of	 Table	2,	 the	RoC	value	of	 the	
flooded	 section	 is	 under	 the	warning	 condition	 in	 the	 four	 tests.	 In	 the	 general	 trend,	 the	
value	after	maintenance	is	slightly	better,	but	they	still	belong	to	the	standard	of	warning.	In	
the	 non-flooded	 section,	 some	of	 RoC	 values	were	 still	 under	 the	warning	 conditions,	 but	

















The	data	 for	 the	MLI	 are	 shown	 in	Appendix	 L.	 As	 seen	 from	 these	data,	 the	non-flooded	









The	 calculation	 result	 of	 LLI	 is	 shown	 in	 Appendix	M.	Most	 of	 the	 data	 are	 in	 the	 sound	
condition.	A	small	portion	of	the	data	in	the	flooded	section	exceed	the	critical	value	of	the	





Looking	 back	 at	 Appendix	 K-M,	 it	 can	 be	 seen	 that	 the	 difference	 between	 the	 flooded	
section	and	non-flooded	section	in	terms	of	BLI,	MLI,	and	LLI	is	getting	smaller.	It	can	clearly	





	 	 	 	
Based	on	the	results	of	the	moisture	content	testing	and	the	FWD	test,	this	project	explores	
the	 changes	 of	 road	 moisture	 content	 before	 and	 after	 the	 maintenance	 as	 well	 as	 the	














higher	 than	 that	 of	 the	 flood	 zone,	 corresponding	 to	 the	 low	 moisture	 content	 of	 the	
non-flood	 zone.	 Besides,	 the	 value	 of	 the	 two	 tests	 after	maintenance	 is	 higher	 than	 the	














bottom	 right	 of	 the	 chart.	 The	 data	 concentrating	 at	 the	 top	 left	means	 that	 these	 points	









Through	 this	 part	 of	 the	 analysis,	 further	 proof	 of	 the	 the	 relationship	 between	moisture	
content	and	k2,900can	be	obtained.	Thus,	 in	the	next	analysis,	 this	conclusion	 is	utilized	 in	







k2,900	values	of	 the	 four	 tests	are	compared	with	 the	corresponding	BLI,	LLI	and	MLI.	The	
results	are	presented	in	Appendix	P-R,	respectively.	
	
In	 these	 graphs,	 the	 blue	 mark	 represents	 the	 data	 before	 repair,	 and	 the	 yellow	 mark	
represents	the	data	after	maintenance.	It	is	clear	that	the	yellow	marks	in	the	three	graphs	
are	all	on	the	right	side	of	the	blue	mark.	It	means	that	after	maintenance,	the	road	k2,900	





the	 post-maintenance	 data	 moves	 to	 the	 lower	 right.	 Such	 change	 means	 that	 through	
maintaining,	the	value	of	the	BLI	 is	reduced	(representing	a	better	road	performance).	And	



















road.	 This	 project	 deals	 with	 these	 data	 through	 back-calculations	 in	 order	 to	 obtain	 the	
condition	 of	 the	 road	 performance.	 Furthermore,	 the	 project	 analyzes	 and	 compares	 the	
road	 performance	 according	 to	 whether	 they	 are	 flooded	 and	 repaired.	 After	 a	 series	 of	
studies,	the	following	conclusions	can	be	made:	
	
	 The	 parameters	 BLI,	MLI,	 and	 LLI	 indicate	 the	 structural	 strength	 of	 base	 layer,	 subbase	
layer,	 and	 subgrade	on	 the	 road,	 respectively.	 By	 comparing	 these	 parameters	 at	 different	
locations,	it	can	be	found	that	the	reduction	of	strength	of	surface	and	base	layer	of	the	road	











overall	 structural	 strength	 of	 the	 road.	 The	 changes	 in	 these	 parameters	 after	 floods	 and	










The	 conclusions	 obtained	 in	 this	 project	 are	 conducive	 to	 the	 future	 maintenance	 of	
submerged	 roads.	 The	 optimization	 and	 improvement	 of	 the	maintenance	method	 can	 be	
carried	out	on	the	basis	of	the	conclusions	of	this	project.	Optimized	maintenance	methods	
may	perhaps	 achieve	 a	more	 targeted	purpose.	 For	 instance,	 the	 current	maintenance	 for	
the	 road	 subbase	 layer	 strength	 recovery	 effect	 is	 not	 good	 enough.	 Hence,	 future	
maintenance	work	can	pay	more	attention	to	the	structural	restoration	of	the	road	level.	The	
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Max.Deflection 0.445 0.547 
Curvation 0.142 0.269 



















































































Mac.Deflection 0.464  0.598  
Curvation 0.133  0.202  











































 Ch.105- Ch.381 
Max.Deflection 0.471  0.627  
Curvation 0.159  0.202  









Max.Deflection 0.436  0.617  
Curvation 0.128  0.194  
Ratio 0.608  0.588  
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Appendix	E	-	The	max,	min,	and	mean	of	Max.Deflection	
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Appendix	F	-	The	max,	min,	and	mean	of	Curvation	
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Appendix	G	-	The	max,	min,	and	mean	of	Ratio	
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Appendix	H	-	The	mean	of	Max.Deflection,	Curvation	and	Ratio	for	four	tests	
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Appendix	I	-	The	mean	of	Subgrade	Response	for	four	tests	
	
	
The	values	in	the	base	data	which	are	greater	than	26	and	25	are	not	given	specifically,	and	thus	this	part	of	the	data	is	shown	as	25	and	26	in	
this	chart.	
	
	
	
	
Faculty	of	Engineering,	Architecture	and	Information	Technology	 40	
Appendix	J	-	The	result	of	RoC	for	four	tests	
	
	
Since	the	RoC	value	at	Chg.	346	has	the	huge	difference	with	other	numerical	in	2016,	and	it	does	not	have	reference	value	and	be	deleted.	
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Appendix	K	-	The	result	of	BLI	for	four	tests	
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Appendix	L	-	The	result	of	MLI	for	four	tests	
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Appendix	M	-	The	result	of	LLI	for	four	tests	
	
Faculty	of	Engineering,	Architecture	and	Information	Technology	 44	
Appendix	N	-	The	result	of	k2,900	for	four	tests	
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Appendix	O	-	The	relationship	between	moisture	content	and	k2,900	
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Appendix	P	-	The	relationship	between	BLI	and	k2,900	
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Appendix	Q	-	The	relationship	between	MLI	and	k2,900	
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Appendix	R	-	The	relationship	between	LLI	and	k2,900	
	
